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(57) ABSTRACT 

An interference ?lter transmission Wavelength scanning 
photometer operable to determine the concentration of an 
interesting component in a sample Without interference from 
coexisting components by measuring the light absorption of 
the interesting component. An angle of inclination of an 
interference ?lter varies periodically and is centered at the 
maximum absorption Wavelength of the interesting compo 
nent. The Wavelength of a transmitted light is modulated due 
to the periodical variation of the angle of inclination. Varia 
tion in the intensity of the light transmitted through a sample 
is extracted by an infrared sensor as an electric signal. The 
time betWeen rise and fall Zero cross points of an AC 
component of the electric signal is determined by a micro 
processor. A ratio is calculated from a full period and a half 
period of the AC component. The concentration of the 
interesting component is determined from a variation in the 
calculation of the ratio. 

14 Claims, 8 Drawing Sheets 
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INTERFERENCE FILTER TRANSMISSION 
WAVELENGTH SCANNING PHOTOMETER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a convenient and inex 

pensive analytical apparatus for determining the concentra 
tion of an interesting component in a sample Without inter 
ference from coexistent components by measuring the light 
absorption of the interesting component. 
More particularly, the present invention relates to the 

convenient and inexpensive analytical apparatus Which is 
realiZed by the procedures of: 

preparing an interference ?lter that has means for scan 
ning a transmission Wavelength periodically; 

detecting a change in the intensity of light Whose Wave 
lengths are scanned by the interference ?lter and Which 
transmit through the sample; and 

determining a concentration of the interesting component 
by periodically examining the detected electric signal. 

2. Description of the Related Art 
It is Well-knoWn to detect an interesting component in a 

sample or to determine its concentration by measuring the 
light absorption of the interesting component. The simplest 
knoWn method is to measure intensity changes of a mono 
chromatic light transmitting through the sample in Which the 
interesting component absorbing the monochromatic light is 
contained. For instance, an ultraviolet absorption photom 
eter for monitoring Water quality is Well-knoWn. This pho 
tometer utiliZes a phenomenon in Which an organic Waste in 
Water absorbs light of 253.7 nm from a mercury lamp, and 
the photometer consists of a light source, a sample cell, a 
detector and an ampli?er. By this method, Which is referred 
to as a single beam method, there often exists a measuring 
error because an interfering value due to a change in the 
intensity of the light source is not able to be distinguished 
from a measured value due to the light absorption of the 
organic Waste. 

There exists a double beam method Which removes this 
defect of the single beam method. In the double beam 
method, a beam from a light source splits into tWo beams in 
Which one of the beams is for a sensing beam and the other 
beam is for a reference beam, and the measured value is 
obtained as the difference or ratio betWeen the intensities of 
these tWo beams. The intensity change of the sensing beam 
is standardiZed by the intensity of the reference beam. By 
adopting the double beam method, a change in the intensity 
of the light source does not affect the measured results. 

Double Wavelength spectrometry is another method 
Which does not affect the measured results due to a change 
in the intensity of the light source. In this method, tWo 
different monochromatic beams are alternately transmitted 
through or re?ected on a sample, and the absorption inten 
sity of an interesting component in the sample is obtained by 
measuring the difference or ratio betWeen the intensities of 
the tWo monochromatic beams. A Wavelength of the one 
monochromatic beam for reference is selected separately 
from an absorption Wavelength of the interesting 
component, and a Wavelength of the other monochromatic 
beam for sensing is equal to the absorption Wavelength of 
the interesting component. The intensity change of the 
monochromatic beam for sensing is standardiZed by the 
intensity of the monochromatic beam for reference. 
Therefore, this method does not have a measuring error due 
to a change in the intensity of the light source. 
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2 
As the present invention is aimed at developing an 

apparatus Which does not have a measuring error due to a 
change in the intensity of the light source, like the double 
Wavelength spectrometry method described above, a prior 
art method that is one kind of the double Wavelength 
spectrometry Will noW be explained With reference to FIG. 

FIG. 1 is a block diagram of a ?lter correlation infrared 
analyZer in Which an infrared beam 121 radiated from an 
infrared source 101 is transmitted through a sample cell 102. 
An infrared beam 122, Which is transmitted from the sample 
cell 102, is transmitted to a modulator 103. The sample cell 
102 is a pipe in Which infrared transmission WindoWs are 
disposed on both ends thereof and Which includes an inlet 
and an outlet on the near places from the both ends. An 
interesting component in a sample gas ?oWing through the 
sample cell absorbs infrared of a speci?c Wavelength, and 
the infrared beam 122 transmitted through the sample cell 
102 loses the energy at the speci?c Wavelength. The modu 
lator 103 is a rotating disk With ?lters mounted thereon, 
Where one of the ?lters is a sensing ?lter 104 Whose 
maximum transmission Wavelength is equal to the speci?c 
Wavelength absorbed by the interesting component, and the 
other ?lter is a reference ?lter 105 Whose maximum trans 
mission Wavelength is different from the speci?c Wave 
length. By rotating the modulator, the ?lters periodically 
cross the infrared beam 122 transmitted through the sample 
cell 102. The infrared beam 122 transmitted through the 
sample cell 120 is modulated by the beam being transmitted 
through the sensing ?lter 104 and the reference ?lter 105 
alternately. The modulated infrared beam 123 is focused on 
an infrared sensor 108 by a focusing lens 107, and the 
modulated infrared beam 123 is detected as an electric 
signal. The detected electric signal is ampli?ed by a head 
ampli?er 110, and is then output to a synchronous recti?er 
111. On the other hand, a synchronous signal detector 106 
detects a synchronous signal of the modulator 103, and 
transmits the synchronous signal to a phase adjuster 109. 
The phase adjuster 109 adjusts the synchronous signal and 
outputs the signal in the synchronous recti?er 111. The 
synchronous recti?er 111 recti?es the electric signal syn 
chroniZing With the synchronous signal, and thereby obtains 
a measured signal corresponding to the concentration of the 
interesting component in the sample. 
By more careful consideration, the gaseous or liquid 

samples contain many coexisting components With the inter 
esting component. Some of the components interfere With 
analyZing the interesting component, such as Water vapor in 
the case of analyZing nitrogen mono-oxide in ?ue gas and 
Water or electrolytes in Water in the case of analyZing 
glucose dissolved in Water. 

Details of the interference caused by the coexisting com 
ponents Will be described With reference to FIG. 2. A 
spectrum of interfering components 152 has no peak at an 
absorption Wavelength of the interesting component 153 but 
tails over it. Even if the slope of the tailing is small, the 
tailing often causes fatal errors in the analysis results 
because of an increasing concentration of the interfering 
components. The double Wavelength spectrometry often has 
a problem in that the tailing of spectrum of the interfering 
components causes fatal errors in the analysis results even if 
the reference Wavelength 154 is selected near the absorption 
Wavelength of the interesting component 153. 

Accordingly, an objective of the present invention is to 
provide an analyZing apparatus Which removes the interfer 
ence caused by the tailing spectrum of the interfering 
components, and Which determines an exact concentration 
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of the interesting component by measuring the light absorp 
tion of the interesting component. It is a further object of the 
present invention to provide a convenient and inexpensive 
analyzing apparatus capable of measuring interesting com 
ponents in a manner that is neither destructive nor invasive 
to a person. 

SUMMARY OF THE INVENTION 

The present invention provides an interference ?lter trans 
mission Wavelength scanning photometer for determining 
the concentration of an interesting component in a sample 
Without interference from the coexistent components by 
measuring the light absorption of the interesting component. 

The photometer of the present invention comprises a light 
source, an interference ?lter operable to scan a transmission 
Wavelength periodically, an infrared sensor, and a Zero cross 
detector. 

The photometer of the present invention can determine 
the concentration of an interesting component in a sample 
Without interference from coexisting components in the 
sample by an operation comprising the folloWing steps: 

deciding a range for scanning the transmission Wave 
length of the interference ?lter so that the center of a 
small change of a Wavelength induced by periodically 
scanning the transmission Wavelength is equal to an 
absorption Wavelength of the interesting component; 

detecting an intensity of a light beam from the light source 
as an electric signal by the infrared sensor in Which the 
light beam is provided to, after the light beam is 
transmitted through the interference ?lter and is trans 
mitted to or re?ected from the sample placed to the 
front or rear of the interference ?lter; 

obtaining a full period T (the time for every other Zero 
cross point of the AC component) and a half period 
T1(the time betWeen the rise and fall of a Zero cross 
point of the AC component) Which the Zero cross 
detector detects from the AC component of the electric 
signal; 

determining the concentration of the interesting compo 
nent by calculating a ratio according to the expression 
(T-2T1)/T. 

Incidentally, a number of methods for scanning the trans 
mission Wavelength of the interference ?lter are Well 
knoWn. One method scans the transmission Wavelength by 
changing the refractive index of a spacer layer of gas Which 
pressuriZes up and doWn, Which operates to keep the dis 
placement betWeen metal layers constant. In another 
method, a displacement betWeen metal layers is changed so 
as to scan the transmission Wavelength. In yet another 
method, Which is suitable for the present invention, the 
transmittance Wavelength is scanned by inclining the normal 
of the interference ?lter to the optical axis. The best mode 
for carrying out the present invention is an interference ?lter 
transmission Wavelength scanning photometer Wherein the 
transmission Wavelength is scanned by sWinging the inter 
ference ?lter periodically, Which is achieved by inclining the 
normal of the interference ?lter to the optical axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a ?lter correlation infrared 
analyZer as an example of the prior art. 

FIG. 2 is a spectrogram shoWing a relation betWeen a 
spectrum of an interesting component and a spectrum of 
interfering components. 

FIG. 3 is a spectrogram shoWing spectra of an interference 
?lter When the normal of the interference ?lter is inclined to 
the optical axis. 
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4 
FIG. 4 is a chart shoWing a relation betWeen an electrical 

signal due to an interesting component and an electrical 
signal due to interfering components. 

FIG. 5 is a block diagram shoWing an interference ?lter 
transmission Wavelength scanning photometer according to 
the preferred embodiment of the present invention. 

FIG. 6 is a sketch illustrating an optical sampling system 
by Which an optical signal corresponding to the concentra 
tion of glucose in blood is obtained from a human lip. 

FIG. 7 is a spectrogram of the main components that a 
sample is composed of for illustrating a Working example of 
the present invention. 

FIG. 8 is a correlation plot comparing values of the 
concentration of glucose in human blood measured by an 
interference ?lter transmission Wavelength scanning pho 
tometer of the present invention to values of the concentra 
tion of glucose in human blood measured by a commercial 
glucose meter. 

Reference numerals in the draWings denote the folloWing 
elements. 
1 a light source 
2 a long Wavelength pass ?lter 
3 an interference ?lter 
4 an axis 
5 S-poles 
6 N-poles 
7 forcing coils 
8 a lens 
9 a quartZ rod 
10 a sample 
11 an infrared sensor 

12 an oscillation circuit 
13 a head ampli?er 
14 an alternating ampli?er 
15 a Zero cross detector 

16 a microprocessor 
17 a display device 
18 a keyboard 
19 a communication port 
31 a quartZ rod 
32 a header 
33 an infrared sensor 

34 a human lip 
35 a suction pump 
36 a suction pressure regulator 
101 an infrared source 

102 a sample cell 
103 a modulator 
104 a sensing ?lter 
105 a reference ?lter 
106 a synchronous signal detector 
107 a focusing lens 
108 an infrared sensor 

109 a phase adjuster 
110 a head ampli?er 
111 a synchronous recti?er 
121 an infrared beam 
122 an infrared beam transmitted through the sample cell 

102 
123 a modulated infrared beam 
151 a spectrum of an interesting component 
152 a spectrum of interfering components 
153 an absorption Wavelength of an interesting component 
154 a reference Wavelength 
161 a short Wavelength limit 
162 a long Wavelength limit 
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163 a high transmittance limit 
164 a loW transmittance limit 
165 a transmittance for containing no interesting component 
166 a transmittance for containing an interesting component 
171 a spectrum of an interference ?lter inclined at an angle 

of 15 degrees betWeen its normal and the optical axis 
172 a spectrum of an interference ?lter inclined at an angle 

of 20 degrees betWeen its normal and the optical axis 
173 a spectrum of an interference ?lter inclined at an angle 

of 25 degrees betWeen its normal and the optical axis 
181 an electric signal due to interfering components 
182 an electric signal due to an interesting component 
183 an actually observed signal 

DETAILED DESCRIPTION OF THE 
INVENTION 

The preferred embodiment of an interference ?lter trans 
mission Wavelength scanning photometer of the present 
invention and the principle for determining a concentration 
of an interesting component Will noW be described in detail 
With reference to the attached draWings. 

In the present invention, an interference ?lter is sWung 
periodically to incline a normal of the interference ?lter to 
an optical axis. The peak transmission Wavelength of the 
interference ?lter is thereby scanned, as shoWn in FIG. 2, in 
a narroW range betWeen a short Wavelength limit 161 and a 
long Wavelength limit 162 around an absorption Wavelength 
of an interesting component 153 in a sample. 

It is Well-knoWn that the transmission Wavelength of the 
interference ?lter is changed by inclining the normal of the 
interference ?lter to the optical axis. FIG. 3 shoWs experi 
mental spectra 171, 172 and 173 of an interference ?lter 
Which is inclined at an angle of 15, 20 and 25 degrees 
betWeen its normal and the optical axis, respectively. The 
maximum transmission Wavelengths are 2289 nm, 2273 nm 
and 2257 nm, respectively. (The scale of the horiZontal axis 
of all spectrogram are linear to Wave numbers, but all 
numerical expressions are converted into Wavelengths for a 
consistent description.) 

Transmittance, Which is observed after light beam trans 
mits through the sample having a spectrum of interfering 
components as shoWn in FIG. 2, varies periodically from a 
high transmittance limit 163 to a loW transmittance limit 164 
by changing the maximum transmission Wavelength from 
the short Wavelength limit 161 at the angle of 25 degrees 
betWeen the normal of the interference ?lter and the optical 
axis to the long Wavelength limit 162 at the angle of 15 
degrees betWeen the normal of the interference ?lter and the 
optical axis. An electric signal Which is proportional to the 
intensity of the light beam transmitting through the sample 
is detected by an infrared sensor, and the detected electric 
signal is varied periodically like an electric signal due to the 
interfering component 181, as shoWn in FIG. 4. It is de?ned 
here that the electric signal due to the interfering component 
181 takes a maximum positive value When the angle 
betWeen the normal of the interference ?lter and the optical 
axis is 25 degrees, that is, at the high transmittance limit 163, 
and a minimum negative value betWeen the normal of the 
interference ?lter and the optical axis When the angle is 15 
degrees, that is, at the loW transmittance limit 164. 

Continuously, it Will noW be explained What happens 
When an interesting component in the sample is increased. 
By increasing the interesting component, a spectrum of the 
interesting component 151, as shoWn in FIG. 2, is enlarged. 
When the spectrum 151 is enlarged, transmittance to the 
Wavelength at the center angle betWeen 15 and 25 degrees 
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6 
decreases from a transmittance for containing no interesting 
component 165 to a transmittance for containing the inter 
esting component 166. By decreasing the transmittance, the 
electric signal due to the interesting component 182, as 
shoWn in FIG. 4, joins in the electric signal due to the 
interfering components 181, and the electric signal due to 
the interesting component 182 has negative peaks Which 
occur When the electric signal due to the interfering com 
ponents 181 is in the middle betWeen its maximum and 
minimum values. After increasing the interesting 
component, an actually observed signal 183 is a synthetic 
electrical signal Which is the sum of the electric signal due 
to the interfering components 181 and the electric signal due 
to the interesting component 182. The information Which 
has to be obtained corresponds to the amplitude of the 
electric signal due to the interesting component 182. 

Further explanation about hoW to obtain the information 
corresponding to the amplitude of the electrical signal due to 
the interesting component 182 from the actually observed 
signal 183 Will noW be given. The electric signal due to the 
interfering components 181 is large and is expressed accord 
ing to the folloWing equation, 

F =Asinmt, 

Where F is the electric signal due to the interfering compo 
nents 181, Ais its amplitude, and u) is the angular frequency 
Which is expressed according to uu=2rc/T When T is a full 
period. As the electric signal due to the interesting compo 
nent 182 is extremely smaller than the electric signal F, it is 
dif?cult to observe any change in the electric signal F 
because it is joined With the electric signal due to the 
interesting component 182. But, by paying attention to Zero 
cross points, Which are points that occur When the electric 
signal F is Zero, an increase of the amplitude of the electric 
signal due to the interesting component 182 lets the electric 
signal F at the Zero cross points doWn as a variation of (1/z)e, 
Where e is an amplitude of the electric signal due to the 
interesting component 182. 

Here, time lags at the Zero cross points are estimated When 
the electric signal F at the Zero cross points is let doWn as the 
variation of The electric signal F is differentiated 
according to the folloWing equation for obtaining slopes of 
the electric signal F at the Zero cross points. 

Slopes at the phase of wt=rc and wt=2rc are —2J'l§A/T and 
2J'cA/T, respectively. By letting the electric signal F at the 
Zero cross points doWn as the variation of (1/z)e, the time lags 
at the Zero cross points of the electric signal F are eT/(4J'EA) 
fast at the phase of uu=rcand eT/(4J'EA) sloW at the phase of 
(nt=2rc. Atime difference betWeen a prolonged half period T2 
and a shortened half period T1, of the actually observed 
signal 183 is obtained according to the folloWing expression 
by the above-described estimation. 

The ratio of the time difference to the full period T is 
calculated by (T2—T1)/T=u)/(J'cA), and this result indicates 
that the ratio is proportional to the amplitude e of the 
electrical signal due to the interesting component 182. This 
study demonstrates that it is possible to determine the 
concentration of the interesting component Without interfer 
ence from the coexisting components by examining in the 
full period (T) and the one half period (T1), While the other 
half period T2 is used to calculate the difference betWeen the 
full period T and the one half period T1. 
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Construction of the interference ?lter transmission Wave 
length scanning photometer of the present invention Will 
noW be explained With reference to FIG. 5. FIG. 5 is 
separated into tWo parts. That is, one part of FIG. 5 is a 
diagram of an optical layout of the interference ?lter trans 
mission Wavelength scanning photometer of the present 
invention, and another part is a block diagram of the electric 
circuits of the interference ?lter transmission Wavelength 
photometer of the present invention. In FIG. 5, shorter 
Wavelengths of the light beam originating from a light 
source 1 are ?ltered out by a long Wavelength pass ?lter 2, 
While longer Wavelengths of the light beam pass through the 
long Wavelength pass ?lter 2 and proceed ahead to an 
interference ?lter 3. The interference ?lter 3 is ?xed With 
forcing coils 7 on both sides of the interference ?lter 3 and 
can sWing centering an axis 4. S-poles 5 and N-poles 6 of a 
magnet are installed on both sides of the Wirings of the 
forcing coils 7 and provide an alternating current to the 
forcing coils 7. By providing the forcing coils 7 With 
alternating current, the interference ?lter starts to sWing 
centering around the axis 4. The angle betWeen the normal 
of the interference ?lter 3 and the optical axis is initially set 
at an angle of 20 degrees so that the angle changed by the 
sWinging of the interference ?lter 3 is Within an angle 
betWeen 15 to 25 degrees. 
A light beam modulated by sWinging the interference 

?lter 3 is focused on an end surface of a quartZ rod 9 by a 
lens 8. The quartZ rod 9 guides the light beam near to a 
sample 10, and the light beam from the other end surface of 
the quartZ rod irradiates the sample 10. Part of the light beam 
re?ected on the surface of the sample is provided to an 
infrared sensor 11. The light beam Which is modulated by 
sWinging the interference ?lter and re?ected on the sample 
10 is detected by the infrared sensor 11 as an electric signal. 
The electric signal is then sent to the electric circuits part as 
illustrated in FIG. 5. 

In the electric circuits part of the interference ?lter trans 
mission Wavelength photometer of the present invention, an 
oscillation circuit 12 supplies the alternating current to the 
forcing coils 7 so as to sWing the interference ?lter 3. It is 
extremely important to keep the sWinging of the interference 
?lter stable, because the sWinging of the interference ?lter, 
Which is forced by the alternative current, is the origin of all 
of the signals. Therefore, a feedback control system is 
adopted to keep the energy sWinging the interference ?lter 
constant. The sWinging velocity is measured by sensing 
coils, Which are placed at the same position as the forcing 
coils 7. The electric signal Which is induced in the optical 
system and detected by the infrared sensor 11 is ampli?ed by 
a head ampli?er 13, and the AC component of the detected 
electric signal is ampli?ed by an alternating ampli?er 14 and 
output to a Zero cross detector 15. The detected electrical 
signal has a frequency that is basically decided by the 
sWinging frequency of the interference ?lter. The Zero cross 
detector 15 generates an interrupt signal Which informs a 
microprocessor 16 of the times When the rising or falling 
electric signals cross the Zero level. The microprocessor 16 
memoriZes the times of each of the Zero cross points through 
the aid of an inner timer. The full period T is obtained as the 
time from the rising Zero cross point to the next rising Zero 
cross point, and the half period T1, is obtained as the time 
from the rising Zero cross point to the next falling Zero cross 
point. After acquiring data for a certain integrating time, a 
remainder obtained by subtracting tWice the value of an 
integrated half period 2T1 from an integrated full period 2T 
that is divided by the integrated full period 2T gives a ratio 
that is de?ned as a distortion factor herein. After the con 
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8 
centration of the interesting component (for instance, glu 
cose concentration in blood for a glucose meter) has been 
calibrated by using the distortion factors, the concentration 
of the interesting component is determined by the distortion 
factor, and the concentration value of the interesting com 
ponent is displayed and communicated. Adisplay device 17, 
Which displays a concentration value, etc., a keyboard by 
Which the analytical apparatus of the present invention is 
operated, and a communication port 19 through Which a 
plurality of information including the measuring value can 
be communicated are mounted With/on the microprocessor 
16. 

Working Example of the Present Invention 

A Working example of the present invention for deter 
mining the concentration of glucose in blood is noW 
described. 

The human lip has a mass of capillary blood vessels under 
its outermost skin, and the red lip is visible to the naked eye. 
The interference ?lter transmission Wavelength scanning 
photometer of the present invention is applied for determin 
ing the concentration of glucose in the blood by diffuse 
re?ectance on the outermost skin of the lip. An optical 
sampling system is shoWn in FIG. 6. Quartz rod 31 is 
equivalent in function and effect to the quartZ rod 9 
described With reference to FIG. 5. Header 32 holds the 
quartZ rod 31, Which guides the light beam to the human lip 
34, and an infrared sensor 33, Which detects the re?ecting 
light on the human lip 34. A suction pump 35 With a suction 
pressure regulator 36 sucks a cavity betWeen the human lip 
34 and the infrared sensor 33 so as to affix the surface of the 
human lip 34 to the header 32. 

FIG. 7 illustrates spectra of the main components in the 
blood. A spectrum of Water in the blood is denoted by letter 
A, a spectrum of blood paste removed the Water in the blood 
is denoted by letter B, and a difference spectrum of the 
glucose in the Water obtained by subtracting the spectrum of 
the Water is denoted by letter C in FIG. 7. 

It has been designed, in the Working example of the 
present invention, that a change in the transmittance of the 
glucose at the Wavelength of 2273 nm (the position denoted 
by reference numeral 41) has been adopted for determining 
the concentration of the glucose in the blood. The transmis 
sion Wavelength of the interference ?ller changes from a 
maximum of 2289 nm (the position denoted by reference 
numeral 42) to a minimum of 2258 nm (the position denoted 
by reference numeral 43), and thus centers at 2273 nm 
(position 41). Other speci?cations for the instrumental 
design of the present invention are shoWn beloW. 

Speci?cations for the Instrumental Design of the 
Present Invention 

frequency of sWinging the interference ?lter: 150 HZ 
quartZ rod: outer diameter of 1.5 mm, and length of 160 
mm 

timer clock for measuring period: 8 MHZ 
data integrating time: 300 second 
clock of microprocessor: 8 MHZ 
According to the above-described speci?cations for the 

instrumental design of the present invention, a prototype of 
the interference ?lter transmission Wavelength scanning 
photometer has been experimentally manufactured. By 
using this prototype, the glucose concentration in blood has 
been determined in a non-invasive manner. Data for each 
data integrating time are divided into ten sections, and 
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distortion factors for the sections are calculated. A measur 
ing value for each data integrating time is an average of six 
medians from ten calculated distortion factors. 

The glucose concentration in the blood of a healthy test 
person With an empty stomach has been measured to be 89 
mg/dL by a commercial glucose meter. Keeping this 
condition, the interference ?lter transmission Wavelength 
scanning photometer of the present invention has been 
applied for determining the glucose concentration in the 
blood, and ?ve measuring values have been obtained. 
Consequently, betWeen 40 minutes and 70 minutes after a 
time When the test person drank a cup of syrup, Which Was 
hot Water dissolved With glucose of 75 g, three measuring 
values have been obtained. At 60 minutes after the time 
When the test person drank a cup of the syrup, the glucose 
concentration in the blood of the test person Was measured 
to be 308 mg/dL by the commercial glucose meter. Assum 
ing that the glucose concentration in the blood of the test 
person has been regarded as constant betWeen 40 minutes 
and 70 minutes after the time When the test person drank a 
cup of the syrup, a correlation plot obtained by these 
experiments is shoWn in FIG. 8. It is preferably a desirable 
result that a coef?cient of correlation betWeen the measured 
value obtained by the interference ?lter transmission Wave 
length scanning photometer of the present invention and the 
glucose concentration in the blood obtained by the commer 
cial glucose meter is 0.98. 

It has thus been shoWn that a non-invasive determination 
of the glucose concentration in blood is possible With the 
interference ?lter transmission Wavelength scanning pho 
tometer according to the present invention. 

Determination of the concentration of the interesting 
component by measuring the light absorption of the material 
has desirable features such as being non-destructive and 
non-invasive to a person. But in many cases, as the tailing 
of the spectra of coexisting components overlaps the absorp 
tion Wavelength of the interesting component, it is dif?cult 
to determine the concentration of the interesting component 
by using only one Wavelength. Therefore, numerous Wave 
lengths are used for the determination of the concentration 
of the interesting component, after all a spectrometry is 
applied for it. Although such a spectrometry has numerous 
application ?elds, it needs large equipment and is expensive. 
With these reasons, the analyZing apparatus for measuring 
the light absorption of the material is desirable, but is not 
used so commonly. For example, there is no glucose meter 
for measuring the light absorption of the material in the 
Japanese market, although many glucose meters implement 
ing an enZymatic method are commonly used. 

The present invention, even With a simple composition, is 
able to achieve the same performance as the spectrometry 
for one component in the sample. The present invention is 
industrially valuable, because the present invention provides 
a desirable feature for determining the concentration of the 
interesting component, by measuring the light absorption of 
the material. Thus, the present invention has developed an 
analytical apparatus having accurate results and a loWer cost, 
and it contributes technically to industrial ?elds, environ 
mental pollution control, and medical ?elds. 
What is claimed is: 
1. An interference ?lter transmission Wavelength scanning 

photometer for determining a concentration of an interesting 
component in a sample Without interference from coexistent 
components by measuring the light absorption of the inter 
esting component, said photometer comprising: 

a light source; 
an interference ?lter operable to scan a transmission 

Wavelength periodically; 
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an infrared sensor; and 

a Zero cross detector; 

said photometer having functions to determine the con 
centration of the interesting component in the sample 
by operations comprising: 
deciding a range of scanning the transmission Wave 

length of said interference ?lter so that a center of a 
small change in a Wavelength induced by scanning 
the transmission Wavelength periodically is equal to 
an absorption Wavelength of the interesting compo 
nent; 

detecting an intensity of a light beam output from said 
light source as an electric signal by said infrared sensor 
in Which the light beam is provided to after the light 
beam is transmitted through said interference ?lter and 
after the light beam is transmitted or re?ected on the 
sample placed to the front or rear of said interference 
?lter; 

obtaining a full period T, Which is a period of time 
betWeen every other Zero cross point of an AC com 
ponent of the electric signal, and a half period T1, 
Which is a period of time betWeen each Zero cross point 
of the AC component of the electric signal Which said 
Zero cross detector is operable to detect from the 
electric signal; and 

determining the concentration of the interesting compo 
nent by calculating a ratio expressed by (T—2T1)/1“. 

2. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 1, Wherein the trans 
mission Wavelength is scanned by sWinging said interfer 
ence ?lter periodically so as to incline the normal of said 
interference ?lter to an optical axis. 

3. An interference ?lter transmission Wavelength scanning 
photometer operable to determine a concentration of an 
interesting component in a sample Without interference from 
coexisting components by measuring the light absorption of 
the interesting component, said photometer comprising: 

a light source operable to output a light beam; 
an interference ?lter operable to scan a transmission 

Wavelength periodically Within a range so that a center 
of a small change in a Wavelength induced by scanning 
the transmission Wavelength periodically is equal to an 
absorption Wavelength of the interesting component, 
and to pass the light beam outputted from said light 
source therethrough to be transmitted on the sample 
located to the front or rear of said interference ?lter; 

an infrared sensor operable to receive the light beam 
outputted from said light source after the light beam is 
transmitted through said interference ?lter and trans 
mitted or re?ected on the sample, and to detect an 
intensity of the light beam upon receiving the light 
beam; 

a Zero cross detector operable to detect a full period T 
corresponding to a period of time betWeen every other 
Zero cross point of an AC component of the electric 
signal and a half period T1, corresponding to a period 
of time betWeen each Zero cross point of the AC 
component of the electric signal; and 

a determining unit operable to determine the concentra 
tion of the interesting component by calculating a ratio 
expressed by (T—2T1)/T. 

4. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, Wherein the trans 
mission Wavelength is scanned by sWinging an interference 
?lter periodically so as to incline a normal of said interfer 
ence ?lter to an optical axis. 
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5. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 4, Wherein said inter 
ference ?lter is swung periodically so that an angle betWeen 
the normal of said interference ?lter and the optical aXis is 
betWeen 15 and 25 degrees. 

6. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, further comprising a 
long Wavelength pass ?lter disposed betWeen said light 
source and said interference ?lter. 

7. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, further comprising 
forcing coils disposed on opposite sides of said interference 
?lter, respectively. 

8. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 7, further comprising an 
S-pole and an N-pole of a magnet disposed on opposite sides 
of each of said forcing coils for sWinging said interference 
?lter responsive to an AC current. 

9. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 8, further comprising an 
oscillation circuit operable to supply the AC current to said 
S-pole and said N-pole. 
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10. The interference ?lter transmission Wavelength scan 

ning photometer according to claim 3, further comprising a 
lens operable to focus the light beam transmitted through 
said interference ?lter onto the sample. 

11. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 10, further comprising 
a quartZ rod operable to receive the light beam focused by 
said lens at one end of said quartZ rod to direct the light beam 
onto the sample. 

12. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, Wherein said Zero 
cross detector is operable to output an interrupt signal to said 
determining unit each time said Zero cross detector detects 
a Zero cross point of the AC component of the electric signal. 

13. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, further comprising a 
display device operable to display the concentration of the 
interesting component. 

14. The interference ?lter transmission Wavelength scan 
ning photometer according to claim 3, Wherein said deter 
mining unit is a microprocessor. 

* * * * * 


